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Objectives 
•Characterize adhesion force 
between gas hydrate quartz and 
calcite surfaces. 
•Relate adhesion force to chemical 
and physical properties of minerals.   
Hydrates & Energy Potential 
•Hydrates are crystalline inclusion 
compounds, where water forms 
cages that encage “guest 
molecules” (typically hydrocarbons) 
[1,2]. 
•  The amount of energy stored in gas 
hydrates is estimated to be twice 
that of traditional fossil fuels [1]. 
These deposits are found below the 
permafrost and under the ocean 
floor in contact with sediments [1,2].  
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Results 
Quartz and calcite cause local dendrite growth in hydrates. 
• Maximum force occurs during growth.  
Sanding the quartz and calcite surfaces resulted in significant decreases to 
adhesion force and dendrite formation.   
Conclusions 
•Contact with quartz and calcite surfaces causes dendrite 
growth in formed hydrates. 
•Adhesion force is directly proportional to wettability.   
•Modified surfaces show a direct relationship between surface 
roughness and wettability.  
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Wettability  
 This is a water droplet on Stainless 
Steel equilibrated in oil. The contact 
angle is determined visually and 
depends on surface free energy 
and roughness. 
Surface Roughness  
A probe traverses over the sample 
recording the contour line. The 
roughness is determined by taking 
the average of the peaks and 
troughs.  
Micromechanical Force 
Apparatus (MMF)  
 Cyclopentane hydrate is formed in a 
cooling bath inside an inverted light 




 Natural hydrate deposit on 
sea floor.   
 Diagram of MMF cell.  
Hydrate Crystalline Structure.  
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